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SEMICONDUCTOR LASER DEVICE AND 
OPTICAL PICKUP DEVICE 

5 BACKGROUND OF THE INVENTION 

[0001] This invention relates to a semiconductor laser 

device and an optical pickup device, and in particular to 
an optical pickup device for use in an apparatus for 
optically recording or reproducing information on an 

10 information recording medium. This invention also relates 
to a semiconductor laser device and an optical pickup 
device that have a hologram device, and in particular to a 
semiconductor laser device and an optical pickup device for 
use in reading and writing a signal on an optical recording 

15 medium. 

[0002] Conventionally there has been an optical pickup 

device as shown in Fig. 5. A laser chip 108 in a 
semiconductor laser device 101 of the optical pickup device 
emits a laser beam L which is incident on a diffraction 

20 grating 102. The laser beam L is split into a main beam L0 
and two side beams L+l and L-l by the diffraction grating 
102. The three beams (main beam L0 and side beams L+l and 
L-l) are transmitted through a beam splitter 103 and 
transmitted through a collimator lens 104. The three 

25 beams are transformed into parallel beams by the collimator 
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lens 104, and thereafter incident on an object lens 105. 
The object lens 105 focuses the beams on a surface of an 
optical disk 106 into a spot. Then, the three beams are 
reflected on the surface of the optical disk 106. The 
5 beams are transmitted successively through the object lens 
105 and the collimator lens 104. The beam splitter 103 
reflects the beams so that the beams are made incident on a 
photodetector 107. Consequently, the three beams are 
detected as information by the photodetector 107. 

10 [0003] For another example, Fig. 11 shows a hologram- 

integrated type semiconductor laser device 180 of one red 
beam system. Fig. 12 shows an optical pickup device 
provided with the semiconductor laser device 180. 
[0004] In this optical pickup device, light emitted from 

15 a semiconductor laser 157 is transmitted through a signal 
hologram 155. The light is diffracted into zero-order 
diffracted light, positive first-order diffracted light and 
negative first-order diffracted light by the signal 
hologram 155. Among these diffracted light rays, only the 

20 zero-order diffracted light is transmitted through the 
collimator lens 181 shown in Fig. 12 and transformed into 
parallel light by the collimator lens 181. The parallel 
light is transmitted through a quarter-wavelength plate 182. 
At this time, quarter-wavelength plate 182 generates phase 

25 difference of 45° between the light rays whose polarization 
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directions are perpendicular to each other. Thereby, 
linearly polarized light is consequently transformed into 
circularly polarized light. Then the light is made 
incident on a raising mirror 183. The raising mirror 183 
5 allows the light to be bent by an angle of 90 degrees and 
guided toward an optical disk 185. The light is 

concentrated on the optical disk 185 by an object lens 184. 
[0005] Then, the light is reflected by the optical disk 

185 to return the above-stated light path. That is, the 

10 light is transmitted through the object lens 184, bent by 
an angle of 90 degrees by the raising mirror 183 and made 
incident on the quarter-wavelength plate 182. The quarter- 
wavelength plate 182 further rotates the polarization 
direction of the light by an angle of 45 degrees, so that 

15 red light 186 generates whose polarization direction is 
rotated by an angle of 90 degrees in total through the 
forward path and the return path of the light. This return 
light 186 is transmitted through the collimator lens 181, 
and diffracted by the signal hologram 155 of a hologram 

20 device 154. The signal hologram 155 allows the positive 
first-order diffracted light 159 to be concentrated on the 
light-receiving device 158. 

[0006] Other related arts of the present invention are 

disclosed in Japanese Patent Laid-Open Publication Nos. SHO 
25 61-250844 and 2002-148436. 
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[0007] The optical pickup devices as shown in Figs. 5 

and 12 have such drawbacks as to degrade the signal 
detection characteristic and the servo characteristic of 
the optical pickup device because the beams reflected on 
5 the surface of the optical disk partially return to the 
semiconductor laser or its surroundings as optical noises. 
Also, these optical pickup devices has a drawback that the 
return light to the semiconductor laser generates the SCOOP 

(Self Couple Optical Pickup) phenomena exerting a harmful 
10 influence on the oscillation state of the original laser 
beam. 

[0008] Specifically, in the optical pickup device shown 

in Fig. 5, parts Lm, Lsl, Ls2 of three beams reflected on 
the surface of the optical disk 106 return to the 

15 semiconductor laser device 101, as shown in Fig. 6. 

Consequently, the return beams Lm, Lsl and Ls2 are 
reflected by the laser chip 108 and its surrounding part 
111 in the semiconductor laser device 101, to goes back 
again the optical system located between the semiconductor 

20 laser device 101 and the optical disk 106. This causes the 
reflected return beams to be disadvantageously interfered 
with the original beam L as optical noises, which leads to 
significant deterioration of signal detection 

characteristic and the servo characteristic of the optical 

25 pickup device. 
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[0009] In the case of the SCOOP phenomenon, the gain of 

the laser beam L is increased by the reflected main beam Lm 
made incident on the light-emitting end surface 108a of the 
laser chip 108, so that the power of the laser beam L 
5 emitted from the laser chip 108 is undesirably increased. 
In addition, since the reflected main beam Lm fluctuates 
according to the surface state of the optical disk 6, the 
power of the laser beam L also disadvantageously fluctuates 
in accordance with the above-mentioned fluctuation. 

10 [0010] As a method for eliminating the optical noises, 

the Japanese Patent No. 2565185 discloses that a slant 
surface is provided on a beam incident part of a header of 
the semiconductor laser device, or that a ref lectionless 
coating is provided on the beam-emitting end surface. 

15 [0011] Also, as shown in Fig. 7, a slant surface 212 is 

provided on an end surface 211a to reflect a side beam Ls2 
in the direction of arrow R, so that the reflected side 
beam Ls2 is restrained from returning again to the optical 
system located between the semiconductor laser device 101 

20 and the optical disk 106. 

[0012] Further, as shown in Fig. 8, a reflector 113 is 

attached to the end surface 111a of a header section 111 of 
a stem 110 so as to reflect a beam Ls2 in the direction of 
arrow R by the reflector 113. 

25 [0013] However, all of the above-stated methods have 
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difficulties in formation of the reflectors and so on, 
which causes low productivity of the semiconductor laser 
devices . 

[0014] Specifically, the header section 111 is formed 

5 integrally with the stem 110 by press molding in general. 
That is, the header section 111 is formed by pressing a 
hoop-shaped (elongated thin plate-shaped) iron material 100 
shown in Fig. 9A with a metal mold 701. Since a protruding 
portion, which becomes the header section 111, is formed on 

10 the originally flat plate iron material 100, it is required 
to apply a very strong pressure to the metal mold 701. 
Particularly, in order to flatten the end surface 111a of 
the header section 111 as shown in Fig. 9B, the greatest 
force is to be applied to a portion 702 opposed to the end 

15 surface 111a in the metal mold 701. In this case, to form 
the slant surface 212 (see Fig. 7) on the end surface 111a 
of the header section 111, it is also required to provide 
the metal mold 701 with a slant surface forming portion 
constituted of a projection or a recess corresponding to 

20 the configuration of the slant surface 212. However, the 
slant surface forming portion, which is provided at the 
portion 702 to which the maximum pressure is applied as 
described above, is disadvantageously easily collapsed by 
pressure. Therefore, in the case where the slant surface 

25 212 is provided on the portion 111a, extremely poor 
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productivity results. Then, this sometimes leads to the 
destruction of the metal mold 701 itself in the worst case. 
Accordingly, there is a problem that it is realistically 
impossible to carry out mass production of the stem 210 
5 that has the header section 211 on which the aforementioned 
slant surface 212 is directly formed. 

[0015] Moreover, the method for attaching the reflector 

113 to the end surface 111a of the header section 111 has 
the following problem. 

10 [0016] The reflector 113 is required to be extremely 

accurately attached to the end surface 111a of the header 
section 111. Depending on the design of the optical system 
of the optical pickup device, it can also be considered 
that the reflected side beam Ls2 is incident on the 

15 neighborhood of the boundary between the laser chip 108 and 
the header section 111. Taking the incidence of the 
reflected side beam Ls2 into consideration, the end surface 
111a in the neighborhood of the boundary is required to be 
covered with the reflector 113. However, it is extremely 

20 difficult to attach the reflector 113 so as not to bring 
the reflector 113 in contact with the laser chip 108. 
Moreover, when the reflector 113 protrudes from the end of 
the header section 111, the laser beam L of the laser chip 
108 is partially blocked off by the reflector 113 as shown 

25 in Fig. 10, and this leads to a problem that the light 
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emission characteristic of the laser chip 108 is degraded. 
That is, by attaching the reflector 113 to the end surface 
111a, a far-field pattern (in the portion of the dotted 
line Dl), which should be essentially present, 
5 disadvantageously disappears. 

[0017] On the other hand, as a counter-measure against 

the above-stated SCOOP phenomena, there is a method for 
increasing reflectance of the light-emitting end surface 
108a of the laser chip 108 so as to reduce the quantity of 
10 return of the reflected main beam Lm to the inside of the 
laser chip 108. However, the increase in the reflectance 
of the light-emitting end surface 108a disadvantageously 

leads to reduction of a differential efficiency r|d of the 
laser beam L of the laser chip 108, which reduction is 
15 unsuitable for increase of output power or reduction of 
current in the laser chip 108. 

[0018] Moreover, in the semiconductor laser device and 

the optical pickup device shown in Figs. 11 and 12, the 
signal hologram 155 generates the zero-order diffracted 

20 light and the negative first-order diffracted light 
together with the positive first-order diffracted light 159. 
The zero-order diffracted light is incident on the light- 
emitting point of the semiconductor laser 157 as a return 
optical noise. Then, the zero-order diffracted light 

25 exerts such a harmful influence on the semiconductor laser 
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157 as to provide the laser beam with unstable oscillation. 
[0019] Also, the negative first-order diffracted light 

passed through the signal hologram 155 is reflected by a 
top surface of a stem 152 and inner surfaces of a cap 153, 
5 which light may be made incident as unnecessary stray light 
rays on the light-receiving device 158, consequently 
causing an increase in signal offset and degrading the 
signal processing capability of the optical pickup device. 

10 SUMMARY OF THE INVENTION 

[0020] An object of this invention is to provide a 

semiconductor laser device and an optical pickup device 
capable of reducing the return light to the semiconductor 
laser device at low cost. 

15 [0021] In order to achieve the aforementioned object, 

the present invention provides a semiconductor laser device 
comprising: 

a semiconductor laser for emitting laser light 
toward an object to be irradiated; 

20 a diffracting section for diffracting the laser 

light reflected on the object according to a polarization 
direction of the reflected laser light to deviate the 
reflected laser light from a direction toward the 
semiconductor laser . 

25 [0022] In this invention, the diffracting section 



10 



10 



diffracts the reflected light according to the polarization 
direction of the incident reflected light to deviate the 
reflected light from the direction toward the semiconductor 
laser, so that the reflected light does not return to the 
semiconductor laser. Therefore, according to this 

invention, the return light to the semiconductor laser can 
be reduced. 

[0023] in one embodiment of the present invention, the 
semiconductor laser device further comprises: 

a hologram device having a signal hologram; and 
a light-receiving device, wherein 

the laser light emitted from the semiconductor 
laser is applied to the object to be irradiated by way of 
the signal hologram, 

the laser light reflected on the object is 
diffracted by the hologram device, and 

the diffracted laser light is received by the 
light-receiving device. 

[0024] m this embodiment, the diffracting section is a 

polarizing diffraction grating that has a varied 
diffraction efficiency depending on the polarization 
direction of the incident light as one example and deviates 
the reflected light from the direction toward the 
semiconductor laser by rotating the reflected light. That 
25 is, the polarizing diffraction grating can reduce noise 
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attributed to the return light by restraining the incidence 
on the approximate light-emitting point of the 
semiconductor laser with the diffraction efficiency with 
respect to the zero-order diffracted light set to 
5 approximately zero percent. It is to be noted that the 
zero-order diffracted light is light transmitted as it is 
without being diffracted. 

[0025] In one embodiment of the present invention, 

the diffracting section is comprised of a 

10 polarizing diffraction grating, 

the polarizing diffraction grating is constructed 
so that a diffraction efficiency of the diffracted light 
rays other than zero-order diffracted light is 
approximately zero percent with respect to light that has a 

15 first polarization direction, and that a diffraction 
efficiency of the diffracted light of the zero-order 
diffracted light is approximately zero percent with respect 
to light that has a second polarization direction 
perpendicular to the first polarization direction. 

20 [0026] According to this embodiment, the light in the 

first polarization direction is transmitted without being 
diffracted by the polarizing diffraction grating, while the 
light in the second polarization direction is diffracted so 
that the zero-order diffracted light is not generated. 

25 Therefore, by making the polarization direction of the 
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light emitted from the semiconductor laser toward the 
object to be irradiated serve as the first polarization 
direction, the laser light can be guided from the 
semiconductor laser to the object to be irradiated without 
reducing the quantity of light due to the existence of the 
polarizing diffraction grating. Moreover, by setting the 
polarization direction of the light, which is emitted from 
the semiconductor laser, reflected on the object to be 
irradiated and made incident on the polarizing diffraction 
grating as the second polarization direction, the zero- 
order diffracted light, which may be incident on the 
semiconductor laser, is not generated in the polarizing 
diffraction grating, and the noise attributed to the return 
light can be restrained. It should be noted that the 
diffraction efficiency is defined as a ratio of strength of 
diffracted light to strength of incident light. 
[0027] In one embodiment of the present invention, the 

semiconductor laser device further comprises: 
a quarter-wavelength plate, wherein 
the diffracting section and the quarter- 
wavelength plate are arranged in order toward the 
semiconductor laser . 

[0028] In this one embodiment, the diffracting section 

is the polarizing diffraction grating as one example and 
transmits the first polarized light in the first 
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polarization direction emitted from the semiconductor laser 
without diffracting the first polarized light. This laser 
light transmitted without being diffracted is made to pass 
through the guarter-wavelength plate, be reflected on the 
object to be irradiated, pass again through the quarter- 
wavelength plate and return to the polarizing diffraction 
grating in . the form of a second polarized light in the 
second polarization direction perpendicular to the first 
polarization direction. The reflected light (return light), 
which has become this second polarized light, is diffracted 
by the polarizing diffraction grating and does not return 
to the semiconductor laser. 

[0029] Therefore, the laser output fluctuation (SCOOP 

phenomenon) attributed to the incidence of the return light 
from the object to be irradiated on the front end surface 
of the semiconductor laser can be prevented. Moreover, 
this can be achieved without increasing the reflectance of 
the front end surface of the semiconductor laser 
dissimilarly to the conventional case, and therefore, the 
differential efficiency of the laser light emitted from the 
semiconductor laser is not reduced. 

[0030] Moreover, this embodiment is able to restrain the 
return light from interfering with the laser light in the 
forward path, which is not the return light. Therefore, 
the optical noise that the signal detection characteristic 
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and the servo characteristic are significantly degraded due 
to the return light in constructing the optical pickup 
device can be solved. Moreover, this can be achieved 
without causing a reduction in mass productivity due to the 
5 processing of the slant surface, which may cause the 
destruction of the metal mold, on the base on which the 
semiconductor laser is mounted, dissimilarly to the 
conventional case, nor causing a degradation in the light 
emission characteristic of the semiconductor laser due to 
10 the mounting of the reflector on the base. 

[0031] In one embodiment of the present invention, the 

semiconductor laser device further comprises: 

a base on which the semiconductor laser is 
mounted; and 

15 a cap having a window through which the laser 

beam passes and attached to the base, wherein 

the diffracting section is comprised of a 
polarizing diffraction grating and 

the polarizing diffraction grating is attached to 

20 the window. 

[0032] In this embodiment, the laser light emitted from 

the front end surface of the semiconductor laser passes 
through the window of the cap attached to the base so as to 
cover the semiconductor laser. In this embodiment, the 

25 polarizing diffraction grating is attached to the window of 
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the cap, and therefore, the polarizing diffraction grating 
can be handled as an object integrated with the 
semiconductor laser, the base and the cap. Therefore, the 
parts count can be reduced and the workability of the 
assembling work can be improved, allowing the manufacturing 
cost to be reduced. 

[0033] m one embodiment of the present invention, the 

semiconductor laser device further comprises a quarter- 
wavelength plate attached to the window so as to be 
superposed on the polarizing diffraction grating. 
[0034] m this embodiment, the quarter-wavelength plate 

can be handled as an object integrated with the 
semiconductor laser, the base and the cap in addition to 
the polarizing diffraction grating. Therefore, the parts 
count can be reduced and the workability of the assembling 
work can be improved, allowing the manufacturing cost to be 
reduced. 

[0035] m one embodiment of the present invention, the 

diffracting section is comprised of a polarizing 
diffraction grating, and the signal hologram and the 
polarizing diffraction grating are arranged on an optical 
axis of an optical path of the reflected laser light toward 
a light-emitting point of the semiconductor laser. 
[0036] m this embodiment, the reflected light, which is 
emitted from the semiconductor laser of the light source 
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and reflected on the object to be irradiated (optical 
recording medium etc.), is diffracted so as not to cause 
zero-order diffracted light by the polarizing diffraction 

grating before returning to the noim- !->, = +. 

y uu tne point that approximately 

5 coincides with fh<= l-i^K-i- 

the light-emitting point of the 

semiconductor laser. Therefore, the zero-order diffracted 
light, which may be incident on the semiconductor laser, i s 
not generated in the polarizing diffraction grating, and 
the return optical noise can be restrained. 
10 [0037] m one embodiment of the present invention, the 

diffracting section is comprised of a polarizing 
diffraction grating formed by a linear grating with a 
roughly equal pitch. 

I0038I In this embodiment, the reflected light, which is 
emitted from the semiconductor laser and reflected on the 
object to be irradiated (optical recording medium etc.,, is 
diffracted by the polarizing diffraction grating, and the 
diffracted positive first-order diffracted light and the 
negative first-order diffracted light can be concentrated 
eguidistantly and stably. Therefore, the stray light 
attributed to the return light can easily be canceled by 
providing a ref lectionless coating on the light 
concentration position or positioning the light 
concentration position in a pl ace where stray light is not 
25 generated. 
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[0039] In one embodiment of the present invention, the 

diffracting section is comprised of a polarizing 
diffraction grating, and the diffracted light diffracted by 
the signal hologram does not pass through the polarizing 
5 diffraction grating. 

[0040] In this embodiment, the polarizing diffraction 

grating is provided in the place through which the positive 
first-order diffracted light and the negative first-order 
diffracted light diffracted by the signal hologram do not 

10 pass. Therefore, the phenomenon that the polarizing 
diffraction grating diffracts the diffracted light directed 
from the signal hologram toward the light-receiving device 
can be avoided. Therefore, the diffracted light, which 
becomes the signal light, can be prevented from suffering 

15 an adverse influence such that the path thereof is changed 
by the polarizing diffraction grating. Moreover, the 
positive first-order diffracted light and the negative 
first-order diffracted light as a result of diffracting the 
reflected light by the polarizing diffraction grating can 

20 be stably concentrated on the desired places. 

[0041] In one embodiment of the present invention, the 

diffracting section is comprised of a polarizing 
diffraction grating, and a quarter-wavelength plate is 
provided in the hologram device. 

25 [0042] In this embodiment, by virtue of the provision of 
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the quarter-wavelength plate that has the function to 
change the polarization direction inside the hologram 
device, the effect of the polarizing diffraction grating 
such that the diffraction efficiency differs according to 
the polarization direction of the incident light can be 
obtained with a compact construction, and the optical 
pickup device can be reduced in size. 

I0043J In one embodiment of the present . nvent . oni 

diffracting section is C o m prised of a polarizing 
diffraction grating, and the hologram device is an optical 
member that integrally has the signal hologram and the 
polarizing diffraction grating. 

10044] m this embodiment| the s . gnal hologram ^ ^ 

Polarizing diffraction grating are integraliy provided on, 
for example, the front and rear surfaces of the hologram 
device, and compactif ication can be achieved. Therefore, 
the optical pickup device can be totally reduced in size. 
I004S1 in one embodiment of the present invention, the 

diffracting section is comprised of a polarizing 
dif fraction grating, and the signal hologram and the 
Polarizing diffraction grating are provided as separate 
optical members. 

10046) m this embodiment/ the s . gnai hoiQgram ^ d 

polarizing diffraction grating are provided by separate 
optical members. Therefore, it is possible to attach, for 
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example, the signal hologram to the hologram device and 
provide the polarizing diffraction grating in the cap 
window portion located on the package side where the 
semiconductor laser is accommodated or in a similar portion. 
5 This therefore facilitates the adjustment of the relative 
positions of the signal hologram and the polarizing 
diffraction grating . 

[0047] In one embodiment of the present invention, the 

diffracting section is comprised of a polarizing 

10 diffraction grating, and the semiconductor laser, the 
signal hologram, the polarizing diffraction grating and the 
light-receiving device are integrated in one package. 
[0048] In this embodiment, the semiconductor laser, the 

signal hologram, the polarizing diffraction grating and the 

15 light-receiving device are integrated into one package, and 
this therefore enables the reduction in the parts count and 
the reduction in the size of the semiconductor laser device. 
If the cross-sectional shape of the package in the plane 
perpendicular to the optical axis of the semiconductor 

20 laser has an elliptic shape, then a reduction in thickness 
in the direction perpendicular to the optical axis can be 
achieved in comparison with the case where a package whose 
cross-sectional shape is circular is adopted, and the 
optical pickup device can be reduced in thickness. 

25 [0049] In one embodiment of the present invention, the 
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diffracting section is comprised of a polarizing 
diffraction grating, and the polarizing diffraction grating 
has a lens characteristic such that the reflected laser 
light forms an image on a surface different from a light- 
5 emitting end surface of the semiconductor laser and a 
extended surface of the light-emitting end surface in a 
direction along which the reflected light travels or a lens 
characteristic such that the reflected laser light is 
formed into parallel light. 

10 [0050] In this embodiment, the polarizing diffraction 

grating has a lens characteristic such that the reflected 
light forms an image on the surface different from the 
light-emitting end surface of the semiconductor laser and 
the surface of the extension of this light-emitting end 

15 surface in the direction in which the reflected light 
travels or the reflected light is formed into parallel 
light. Therefore, the reflected light is prevented from 
returning to the light-emitting end surface of the 
semiconductor laser, and the generation of SCOOP noise can 

20 be avoided. 

[0051] In one embodiment of the present invention, an 

optical pickup device comprises: 

the above-stated semiconductor laser device 
wherein the diffracting section is comprised of a 

25 polarizing diffraction grating, 
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an optical system guiding the laser light emitted 
from the semiconductor laser to an optical recording medium 
that serves as the object to be irradiated and guiding the 
light reflected from the optical recording medium to the 
5 polarizing diffraction grating, wherein 

the optical system has a phase difference plate 
for changing a state of polarization of the light emitted 
from the semiconductor laser from linearly polarized light 
into circularly polarized light or from circularly 

10 polarized light into linearly polarized light. 

[0052] In this embodiment, the light emitted from the 

semiconductor laser has its polarization direction changed 
by the phase difference plate owned by the optical system 
through the forward path to the optical recording medium 

15 and the return path from the optical recording medium and 
then guided to the polarizing diffraction grating* As a 
result, this polarizing diffraction grating diffracts the 
reflected light from the optical recording medium so as to 
deviate the light from the direction toward the 

20 semiconductor laser. This enables the provision of a 
highly reliable optical pickup device in which the return 
optical noise is suppressed by restraining the unnecessary 
light attributed to the reflected light from becoming stray 
light and from being made incident on the semiconductor 

25 laser as the light source. 
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[0053] In one embodiment of the present invention, an 

optical pickup device comprises the above-stated 
semiconductor laser device, and a photodetector for 
detecting the laser light reflected from the object to be 
5 irradiated. 

[0054] According to this embodiment, there can be 

provided an optical pickup device that can achieve the 
reduction of the return light to the semiconductor laser at 
low cost. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] The present invention will become more fully 

understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
15 illustration only, and thus are not limitative of the 
present invention, and wherein: 

[0056] Fig. 1 is a view showing the construction of the 

optical system of an optical pickup device including a 
semiconductor laser device according to a first embodiment 

20 of this invention; 

[0057] Fig. 2 is a view showing a modified example of 

the semiconductor laser device of the first embodiment; 
[0058] Fig. 3 is a view showing the structure of a 

semiconductor laser device according to a second embodiment 

25 of this invention; 
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[0059] Fig. 4 is a view showing the structure of an 

optical pickup device provided with the second embodiment; 
[0060] Fig. 5 is a view showing a conventional optical 

pickup device; 

5 [0061] Fig. 6 is a view showing the semiconductor laser 

device owned by the above conventional optical pickup 
device; 

[0062] Fig. 7 is a view showing a modified example of 

the above conventional semiconductor laser device; 
10 [0063] Fig. 8 is a view showing another modified example 

of the above conventional semiconductor laser device; 

[0064] Figs. 9A and 9B are views sequentially showing 

states in which the stem of the above conventional 

semiconductor laser device is formed; 
15 [0065] Fig. 10 is a schematic view showing the state of 

operation of the above conventional semiconductor laser 

device; 

[0066] Fig. 11 is a view showing the structure of 

another conventional semiconductor laser device; 
20 [0067] Fig. 12 is a view showing an optical pickup 

device provided with the semiconductor laser device of Fig. 
1 1 ; and 

[0068] Fig. 13 is a view showing the structure of a 

semiconductor laser device according to a third embodiment 
25 of this invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0069] Semiconductor laser devices of the present 

invention and optical pickup devices provided with the same 
5 will be described in detail below based on embodiments 
thereof with reference to the drawings* 
First Embodiment 

[0070] Fig. 1 shows a schematic construction of a 

optical pickup device according to a first embodiment of 
10 this invention. This optical pickup device includes a 
semiconductor laser device 1, a 3-beam generating 
diffraction grating 2, a beam splitter 3, a collimator lens 
4, an object lens 5 and a photodetector 7. 

[0071] The semiconductor laser device 1 is constructed 

15 of a main body 14 and a polarizing diffraction grating 15. 

The 3-beam generating diffraction grating 2 is arranged so 
that light emitted from the main body 14 of the 
semiconductor laser device 1 passes through the 3-beam 
generating diffraction grating 2. The collimator lens 4 
20 changes the light which passes through this 3-beam 
generating diffraction grating 2 into parallel light. The 
object lens 5 concentrates the parallel light on the 
surface of an optical disk 6 as an object to be irradiated, 
that is, an optical recording medium. Between the 3-beam 
25 generating diffraction grating 2 and the collimator lens 4, 
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the beam splitter 3 is arranged to reflect the reflected 
light from the optical disk 6. The photodetector 7 is so 
provided as to receive and detect the light reflected by 
the beam splitter 3. Between the collimator lens 4 and the 
5 object lens 5, a quarter-wavelength plate 16 is located. 

[0072] The optical disk 6 generally represents the 

optical recording media on which reproduction or recording 
is carried out by using light, such as pit disks specially 
for reproduction, phase change disks and magneto-optical 

10 disks capable of recording, erase and reproduction, and 
write once type disks capable of recording and reproduction, 
[0073] A more detailed explanation of the semiconductor 

laser device 1 is given blow. The polarizing diffraction 
grating 15 is arranged between the main body 14 of the 

15 semiconductor laser device 1 and the 3-beam generating 
diffraction grating 2. The main body 14 has a stem 10 that 
serves as a base and a semiconductor laser 8 that serves as 
a light source mounted on a header section 11 of part of 
the stem 10. The stem 10 is constructed of a disk-shaped 

20 base portion 10a and the header section 11 that protrudes 
from an approximate center portion of this base portion 10a. 
To the base portion 10a of the stem 10 is attached a cap 17 
that covers the semiconductor laser 8 and the header 
section 11. This semiconductor laser 8 emits a laser beam 

25 L including P-polarized light and S-polarized light from a 
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light-emitting end surface 8a, that is, a front end surface 
of the semiconductor laser 8. 

[0074] When this laser beam L is incident on the 

polarizing diffraction grating 15, the polarizing 
5 diffraction grating 15 makes the entire P-polarized light 
of the laser beam L go straight to become zero-order light 
ray and makes the entire S-polarized light of the laser 
beam L diffract to become positive and negative first-order 
light rays. It is to be noted that a diffraction angle of 
10 the polarizing diffraction grating 15 differs from a 
diffraction angle of the 3-beam generating diffraction 
grating 2. 

[0075] The quarter-wavelength plate 16 is arranged so 

that the P-polarized light gone straight by the polarizing 

15 diffraction grating 15 is incident on the quarter- 
wavelength plate 16. The quarter-wavelength plate 16 
gives a phase difference of 90° to lights of the laser beam 
L whose polarization directions are perpendicular to each 
other. In other words, the quarter-wavelength plate 16 

20 operates as a phase difference plate that changes the P- 
polarized light into circularly polarized light and changes 
the circularly polarized light into the S-polarized light. 
[0076] The optical pickup device operates as follows 

when information recorded on the optical disk 6 is detected. 

25 [0077] The laser beam L emitted from the semiconductor 
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laser 8 is made incident on the polarizing diffraction 
grating 15 through the cap 17. The polarizing diffraction 
grating 15 makes the entire P-polarized light of the laser 
beam L go straight to become zero-order light ray and makes 
5 the entire S-polarized light of the laser beam L diffract 
to become positive and negative first-order light rays. As 
a result, only the P-polarized light of the laser beam L is 
made incident from the 3-beam generating diffraction 
grating 2 on the optical systems that includes the beam 
10 splitter 3, the collimator lens 4, the quarter-wavelength 
plate 16 and the object lens 5. 

[0078] More specifically, the P-polarized light of the 

laser beam L is incident on the 3-beam generating 
diffraction grating 2 and is split into the main beam L0 

15 and the two side beams L+l and L-l by this 3-beam 
generating diffraction grating 2. Next, the main beam L0 
and the side beams L+l, L-l pass through the beam splitter 
3 and thereafter the collimator lens 4 to become parallel 
light and then are made incident on the quarter-wavelength 

20 plate 16. Each of the main beam L0 and the side beams L+l 
and L-l is changed into circularly polarized light by this 
quarter-wavelength plate 16, thereafter transmitted through 
the object lens 5, and applied in a focused spot to a 
surface of the optical disk 6. 

25 [0079] Then, the above-stated three beams are reflected 
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on the surface of the optical disk 6 , transmitted again 
through the object lens 5 and made incident on the quarter- 
wavelength plate 16. The three beams are then transformed 
into S- P olarized light by the quarter-wavelength plate 16. 
The beams are thereafter transmitted through the collimator 
lens 4, and reflected by the beam splitter 3 to be made 
incident on the photodetector 7. This photodetector 7 
detects the S-polari 2ed light to reproduce the information 
recorded on the optical disk 6. on the basis of this 
detected S-polarized light, tracking error information is 
also obtained. 

[0080] Part of the s _ polari2ed 1±ght . nc . dent ^ 

beam splitter 3 is transmitted through the beam splitter 3. 
The above-stated part of the S-polarized light is further 
transmitted through the 3-beam generating diffraction 
grating 2 as zero-order light, and made incident on the 
polarizing diffraction grating 15. The polarizing 

diffraction grating 15 diffracts the S-polarized light to 
deviate from the direction toward the semiconductor laser 8. 
10081] That is to say, in the forward path of the light 
laser beam L emitted from the semiconductor laser 8 up to 
the optical disk 6, the P-polarized light of the light 
laser beam L is transmitted by the polarizing diffraction 
grating 15 and transformed into circularly polarized light 
by the quarter-wavelength plate 16. In the return path 
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from the optical disk 6, the circuiarly polarized light is 
transformed into s-polarized light by the guarter- 
wavelength piste XS and made incident on ^ polarizing 
Effraction grating 1S . The polarizing diffraction grating 
15 diffracts the S-polarized light, and thereby, the S- 
polarized light does not reach the semiconductor laser 8. 

[0082] in this way, the return im ht . 

y, Liie return light constituted of this 

S-polarized light can be prevented from being incident on 
the light-emitting end surface 8a of the semiconductor 
laser 8. Therefore, the generation of the SCOOP phenomenon 
can be restrained without increasing the reflectance of the 
light-emitting end surface 8a of the semiconductor laser 8, 
and the output fluctuation of the laser beam L can be 
prevented. A s a result, the differential efficiency of the 
laser beam L emitted from the laser chip 8 can be prevented 
from being reduced. 

I0083J Even lf the s _ polarized Ught dlffraoted by 

polarizing diffraction grating 15 is made incident on the 
end surface Ha of the header section 11, reflected on the 
end surface l la and made incident again on the polarizing 
diffraction grating 15, then this S-polarized light is 
diffracted by the polarizing diffraction grating 15 to be 
deviated from the direction toward the optical disk 6. 
(0084, Therefore, the return light constituted of this 

S-polarized light is prevented from returning to the 
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optical system behind the polarizing diffraction grating 15 
and prevented from interfering with the laser light in the 
forward path. This can eliminate the optical noises that 
the signal detection characteristic and/or the servo 
5 characteristic of the optical pickup device are 
significantly reduced due to the return light. 
[0085] Moreover, this can be achieved without causing 

any reduction in mass productivity due to the machining 
process of the slant surface provided on the header section 
10 11 of the stem 10 for the semiconductor laser 8 nor causing 
degradation in the light emission characteristic of the 
semiconductor laser 8 due to the reflector mounted on the 
header section 11 of the stem 10. 

[0086] The return light is prevented from being incident 
15 on the photodetector 7 from the beam splitter 3 even if the 
return light constituted of the S-polarized light returned 
from the optical disk 6 is reflected on the end surface 11a 
of the header section 11, diffracted by the polarizing 
diffraction grating 15 and returned to the optical system 
20 behind the polarizing diffraction grating 15. This is 
because the diffraction angle of the polarizing diffraction 
grating 15 differs from the diffraction angle of the 3-beam 
generating diffraction grating 2. Therefore, even in this 
case, adverse influence can be prevented from exerting on 
25 the detection of the information recorded on the optical 
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disk 6, and the degradation in the signal detection 
characteristic and the servo characteristic can reliably be 
prevented. 

[0087] In the aforementioned embodiment, the cap 17 made 
5 of glass is separated from the polarizing diffraction 
grating 15. However, a glass cap integrated with the 
polarizing diffraction grating 15 may be employed instead 
of the cap 17. Thereby, the number of parts can be reduced. 
[0088] Alternatively, as shown in Fig. 2, the polarizing 

10 diffraction grating 15 and the quarter-wavelength plate 16 
may be integrated with the glass cap 17 by superposing the 
quarter-wavelength plate 16 on the front surface of the 
polarizing diffraction grating 15 attached to a window 17a 
of the glass cap 17. In this case, the number of parts is 

15 further reduced. In Fig. 2, Lm represents the reflected 
light corresponding to the main beam L0, and Lsl and Ls2 
represent the reflected light rays corresponding to the 
side beams L+l and L-l. Moreover, the quarter-wavelength 
plate 16 is a transparent film generally made of a resin 

20 material of polycarbonate, polyvinyl alcohol or the like. 

[0089] The embodiment shown in Fig. 2 also avoids the 

problematic phenomena of the SCOOP, the degradation in the 
signal detection characteristic and the deterioration in 
the servo characteristic due to the interference of the 

25 return light. 
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[0090] In the embodiment shown in Fig. 1 or 2, the 

header section 11 and the stem 10 are integrated with each 
other. However, the header section 11 may be separated 
from the stem 10. 
5 [0091] In the aforementioned embodiment , the polarizing 

diffraction grating 15 is employed which makes the P- 
polarized light of the laser beam L go straight and 
diffracts the S-polarized light of the laser beam L. 
However, in place of this polarizing diffraction grating 15, 

10 it is acceptable to employ a polarizing diffraction grating 
that reversely operates. That is, the polarizing 

diffraction grating may be used which makes the S-polarized 
light of the laser beam L go straight and diffracts the P~ 
polarized light of the laser beam L. 

15 [0092] Moreover, a diffraction grating constructed of a 

curved grating may be employed instead of the polarizing 
diffraction grating 15 constructed of a linear grating. 
[0093] In the first embodiment shown in Fig. 1, the 

quarter-wavelength plate 16, the 3-beam generating 

20 diffraction grating 2 and the polarizing diffraction 
grating 15 are arranged in this order toward the 
semiconductor laser 8. However, the polarizing diffraction 
grating 15 may be mounted on a surface of the window glass 
provided at the laser light emitting portion of the cap 17 

25 of the semiconductor laser 14. In the above case, the 
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quarter-wavelength plate 16 may be provided between the 3- 
beam generating diffraction grating 2 and the window glass, 
in this case, the 3-beam generating diffraction grating 2, 
the quarter-wavelength plate 16 and the polarizing 
diffraction gratings 15 are to be arranged in this order 
toward the semiconductor laser 8. 

Second Embodiment 

f0 ° 94] Fig - 3 show * a perspective view of a 

semiconductor laser device according to a second embodiment 
of the present invention. Fig . 4 shows a schematic 
sectional view of an optical pickup device provided with 
the semiconductor laser device shown in Fig. 3 . 
[0095] The semiconductor laser device 60 shown in Fig. 3 
has a semiconductor laser 37, a hologram device 34 and a 
light-receiving device 38. The semiconductor laser 37 is a 
light source for emitting light toward an optical disk 65 
as an optical recording medium shown in Fig. 4. The 

hologram device 34 haq a o-,~~->i ^ -, 

J« nas a signal hologram 35 and a 

polarizing diffraction grating 36. 

C0096] The signal hologram 35 guides the light reflected 
on the optical disk 65 toward the light-receiving device 38 
for signal detection. The light-receiving device 38 
receives light 39 guided by the signal hologram 35. The 
Polarizing diffraction grating 36 diffracts the zero-order 
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diffracted light that is diffracted by the signal hologram 
35. 

t0097] The semiconductor laser 37 emits red light of a 

wavelength of about 650 nm for example which is used when a 
digital versatile disc (abbreviated to DVD) is employed as 
the optical disk 65. 

10098, The light-receiving device 38 is, for example, a 
Photodiode. The light-receiving device 38 receives the 
light reflected from the optical disk 65, converts this 
reflected light into a current corresponding to the optical 
intensity of this reflected light and outputs a detection 
signal of the reflected light. 

[0099] The semiconductor laser 37 and the light- 

receiving device 38 are arranged inside a package 50. The 
package 50 is constructed of a cap 33 and a base 32 whose 
upper surface 32A is roughly elliptic and perpendicular to 
the optical axis J of the semiconductor l aser 37. The 
semiconductor laser 37 and the light-receiving device 38 
are mounted on a heat radiator base (not shown) . The heat 
radiator base is mounted on the base 32 made of metal such 
as steel. Moreover, the cap 33 made of metal such as steel 
is connected to the base 32 so as to cover the 
semiconductor laser 37 and the light-receiving device 38. 
[0100] A connection surface (not shown) of the light- 

emitting end surface 37A of the semiconductor laser 37 i s 
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arranged parallel to the upper surface 32A. The 
semiconductor laser 37 and the light-receiving device 38 
are electrically connected to lead pins 31 by gold wires 
(not shown) . The lead pins 31 are extended to the outside 
5 of the package 50. 

toioi] The hologram device 34 . s made of a rectanguiar 

Parallelepiped transparent material. The signal hologram 
35 is formed on the top surface of the hologram device 34, 
while the polarizing diffraction grating 36 is formed on 
10 the bottom surface thereof. 

[0102] The polarizing diffraction grating 36 is so 

arranged as to be parallel to a planar surface 
Perpendicular to the optical axis J of the light emitted 
from the semiconductor laser 37, and to intersect the 
optical axis J- Also, the polarizing diffraction grating 
36 is so arranged as to face a window 33A formed in the top 
plate of the cap 33. 

[0103] The signal hologram 35 is arranged on the optical 
axis J of optical paths 40 and 66. The optical paths 40 
and 66 are paths along which light travels while light 
emitted from the semiconductor laser 37 is reflected on the 
optical disk 65, and the reflected light is transmitted 
through the polarizing diffraction grating 36. 
[0104] The signal hologram 35 of this second embodiment 

diffracts a returned light from the optical disk 65 into 
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negative first-order diffracted light (not shown), zero- 
order diffracted light (not shown) and positive first-order 
diffracted light 39. The signal hologram 35 concentrates 
only the positive first-order diffracted light 39 on the 
light-receiving surface 38A of the light-receiving device 
38 for signal processing. The zero-order diffracted light 
and the negative first-order diffracted light are not used 
for signal processing. It should be noted that the zero- 
order diffracted light is a passing-through light without 
being diffracted. 

[0105] The polarizing diffraction grating 36 has 

approximately zero percent of the diffraction efficiency of 
the diffracted light rays other than the zero-order 
diffracted light with respect to the light (e.g., P _ 
Polarized light) that has a first polarization direction. 
Also, the polarizing diffraction grating 36 has 
approximately zero percent of the diffraction efficiency of 
the zero-order diffracted light with respect to the light 
(S-polarized light) that has a second polarization 

direction which is perpendicular to the first polarization 

direction. 

10106] Therefore, the light (P-polarized light) having 

the first polarization direction is transmitted as it is 
without being diffracted by the polarizing diffraction 
grating 36 as a zero-order diffracted light. Therefore, 
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the light (S-polarized light) having the second 
polarization direction is diffracted to generate no zero- 
order diffracted light by the polarizing diffraction 
grating 36. 

5 [0107] In the case where the light that has the first 

polarization direction is the P-polarized light, then the 
light that has the second polarization direction is the S- 
polarized light. In the case where the light that has the 
first polarization direction is the S-polarized light, then 
10 the light that has the second polarization direction is the 
P-polarized light . 

[0108] In the optical pickup device of this second 

embodiment, the hologram device 34 splits the light 
reflected and returned from the optical disk 65 in order to 
15 separate a recorded signal from a tracking information 
signal for accurately reading the recorded signal, so that 
these signals are guided to the light-receiving device 38 
to obtain the respective output signals. 

[0109] In the optical pickup device 70 provided with the 
20 semiconductor laser device 60, the light emitted from the 
semiconductor laser 37 is made incident on the polarizing 
diffraction grating 36. The light in the first polarization 
direction passes through the polarizing diffraction grating 
36 as it is, and then made incident on the signal hologram 
25 35. 
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[0110] on the other hand, the light in the second 

Polarization direction is diffracted by the polarizing 
diffraction grating 36 and deviated from the direction 
toward the signal hologram 35. Therefore, the light, which 
is transited through the polarizing diffraction grating 
36 and made incident on the signal hologram 35, is 
constituted principally of the light in the first 
polarization direction. 

[0111] The signal hologram 35 diffracts light rays other 
than the zero-order diffracted light among light rays 
incident on the signal hologram 35. Thus, only the zero- 
order diffracted light is made incident on the collimator 
lens 61 and transformed into parallel light by the 
collimator lens 61. The parallel light is transmitted 
through a quarter-wavelength plate 62, which causes a phase 
difference of 45° between lights whose polarization 
directions are perpendicular to each other. Thereafter, 
the light is reflected on a raising mirror 63 and 
concentrated on the optical disk 65 by an object lens 64. 
[0112] Next, the light is reflected on the optical disk 
65, and the reflected light is transformed into parallel 
light by the object lens 64. Then, the parallel light is 
reflected by the raising mirror 63 and transmitted through 
the quarter-wavelength plate 62. The quarter-wavelength 
Plate 62 causes a further phase difference of 45° in the 
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lights whose polarization directions are perpendicular to 
each other. Specifically, the quarter-wavelength plate 62 
gives a phase difference of 90° in total between the light 
on the forward path toward the optical disk 65 and the 
5 light on the return path from the optical disk 65, in the 
lights whose polarization directions are perpendicular to 
each other. Thereafter, the light is collected toward the 
direction of the hologram device 34 by the collimator lens 
61. 

10 [0113] The light provided with the phase difference of 

90° is the S-polarized light as the light in the second 
polarization direction in the case where the light in the 
first polarization direction is for example the P-polarized 
light. 

15 [0114] Then, the light transmitted through the signal 

hologram 35 via the collimator lens 61 is diffracted into 
negative first-order diffracted light, zero-order 
diffracted light and positive first-order diffracted light. 
Only the positive first-order diffracted light 39 from 

20 among these diffracted light rays is concentrated on the 
light-receiving device 38 for signal processing. 
[0115] The zeroth-order diffracted light and the 

negative first-order diffracted light out of the light rays 
transmitted through the signal hologram 35 by way of the 

25 collimator lens 61 are not used for signal processing. 
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Then, the negative first-order diffracted light from the 
signal hologram 35 is not made incident on the polarizing 
diffraction grating 36, while the zeroth-order diffracted 
light (i.e., light in the second polarization direction 
5 transmitted as it is without being diffracted) from the 
signal hologram 35 is made incident on the polarizing 
diffraction grating 36. This zeroth-order diffracted light 
as the light in the second polarization direction is 
diffracted into negative first-order diffracted light 40A 

10 and positive first-order diffracted light 40B by being 
transmitted through the polarizing diffraction grating 36 
and deviated from the optical path to the semiconductor 
laser 37. Therefore, no return light to the semiconductor 
laser 37 is generated. Moreover, in the polarizing 

15 diffraction grating 36, the zeroth-order diffraction 
efficiency with respect to the light in the second 
polarization direction is approximately zero percent. 
Accordingly, there is substantially generated no return 
light that travels from the signal hologram 35 and passes 

20 through the polarizing diffraction grating 36 and is made 
incident on the semiconductor laser 37. 

[0116] Therefore, according to the semiconductor laser 

device 60 of this second embodiment, the incident light 
(return light) on the light-emitting end surface 37A of the 
25 semiconductor laser 37 can be restrained by the provision 
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of the polarizing diffraction grating 36, and it becomes 
possible to provide measures against the return light of 
the laser light. 

[0117] Moreover, according to this second embodiment, by 
5 concentrating the light, which returns as unnecessary light 
in the laser light emitted from the semiconductor laser 37, 
on focal points P21 and P22 located in regions other than 
the light-emitting end surface 37A of the semiconductor 
laser 37 and the light-receiving surface 38A of the light- 

10 receiving device 38, the unnecessary light concentrated on 
the focal points P21 and P22 can be restrained from being 
reflected again and from becoming stray light, and a highly 
reliable semiconductor laser device 60 and an optical 
pickup device 7 0 can be provided. 

15 [0118] Moreover, in this second embodiment, the signal 

hologram 35 and the polarizing diffraction grating 36 are 
arranged on the optical axis J of the optical path 40 
through which the reflected light, emitted from the 
semiconductor laser 37 and reflected on the optical disk 65, 

20 returns to the point roughly coinciding with the light- 
emitting point P0 of the semiconductor laser 37. With this 
arrangement, in this second embodiment, the reflected light, 
which is emitted from the semiconductor laser 37 and 
reflected on the optical disk 65, is diffracted so as not 

25 to generate zero-order diffracted light by the polarizing 
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diffraction grating 36 before the light returns to the 
point roughly coinciding with the light-emitting point PO 
of the semiconductor laser 37. Therefore, in the 

polarizing diffraction grating 36, the zero-order 
5 diffracted light, which may be incident on the 
semiconductor laser 37, is not generated, and the noise 
attributed to the return light can be restrained, 
[0119] Moreover, in this second embodiment, the grating 
pitch of the polarizing diffraction grating 36 is a roughly 

10 equal pitch. With this arrangement, the reflected light, 
which is emitted from the semiconductor laser 37 and 
reflected on the optical disk 65, can be diffracted by the 
polarizing diffraction grating 36, and the diffracted 
positive first-order diffracted light 40B and the negative 

15 first-order diffracted light 40A can be concentrated 
equidistantly and stably. Therefore, the stray light 
attributed to the return light can easily be canceled by 
providing a ref lectionless coating on the light 
concentration positions P22 and P21 or positioning the 

20 light concentration positions P22 and P21 in places where 
stray light is not generated. 

[0120] Moreover, in this second embodiment, the 

polarizing diffraction grating 36 is arranged in a place 
through which the positive first-order diffracted light 39 
25 diffracted by the signal hologram 35 does not pass. With 
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this arrangement , the phenomenon that the polarizing 
diffraction grating 36 diffracts the positive first-order 
diffracted light 39 directed from the signal hologram 35 
toward the light-receiving device 38 can be avoided. 
5 Therefore, the positive first-order diffracted light 39, 
which becomes the signal light, can be prevented from 
suffering an adverse influence such that the path thereof 
is changed by the polarizing diffraction grating 36. 
Moreover, the positive first-order diffracted light and the 
10 negative first-order diffracted light obtained by 
diffracting the reflected light from the optical disk 65 by 
the polarizing diffraction grating 36 can be stably 
concentrated on the desired places. 

[0121] Moreover, this second embodiment is provided with 
15 the quarter-wavelength plate 62 separately from the 
hologram device 34, whereas the quarter-wavelength plate 
may be arranged inside the hologram device 34 (e.g., 
between the signal hologram 35 and the polarizing 
diffraction grating 36) . In this case, by virtue of the 
20 provision of the quarter-wavelength plate that has the 
function to change the polarization direction inside the 
hologram device 34, the effect that the diffraction 
efficiency differs according to the polarization direction 
of the incident light, produced by the polarizing 
25 diffraction grating 36, can be obtained with a compact 
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construction, and the optical pickup device 70 can be 
reduced in size. 

[0122] Moreover, in the semiconductor laser device 60 of 
this second embodiment, the signal hologram 35 and the 
5 polarizing diffraction grating 36 are provided for the 
hologram device 34 of an identical optical member, and this 
therefore enables the achievement of a reduction in parts 
count, a reduction in size, a reduction in thickness and a 
reduction in manufacturing cost. Moreover, the optical 

10 pickup device 70, which is constructed of the semiconductor 
laser device 60, the collimator lens 61, the quarter- 
wavelength plate 62, the raising mirror 63 and the object 
lens 64, shown in Fig. 4, can be reduced in size. 
[0123] Moreover, in the semiconductor laser device 60 of 

15 this second embodiment, the semiconductor laser 37, the 
signal hologram 35, the polarizing diffraction grating 36 
and the light-receiving device 38 are integrated in one 
package 50. With this arrangement, a reduction in parts 
count and a reduction in size of the semiconductor laser 

20 device 60 can be achieved. The package 50 has an elliptic 
cross-sectional shape in the planar surface perpendicular 
to the optical axis J of the semiconductor laser 60. This 
therefore allows the achievement of thickness reduction in 
the direction perpendicular to the optical axis direction 

25 and further allows the achievement of thickness reduction 
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of the optical pickup device in comparison with the case 
where a package whose cross-sectional shape is circular is 
adopted. 

[0124] If the signal hologram 35 and the polarizing 

5 diffraction grating 36 are constructed of separate optical 
members in this second embodiment, it is possible to attach, 
for example, the signal hologram 35 to the hologram device 
34 and provide the polarizing diffraction grating 36 at the 
window 33A or the like formed in the cap 33 located on the 
10 package 50 side where the semiconductor laser 37 is housed. 
In this case, it becomes easy to adjust the positions of 
the signal hologram 35 and the polarizing diffraction 
grating 36 relatively to each other. 

15 Third Embodiment 

[0125] A semiconductor laser device according to a third 
embodiment of this invention is shown in Fig. 13. 
[0126] The semiconductor laser device 80 of the third 

embodiment has a stem 81 as a base and a semiconductor 

20 laser 83 as a light source. The semiconductor laser 83 is 
mounted on a header section 82 that is a part of the stem 
81. The stem 81 is constructed of a base portion 81a and 
the header section 82 that protrudes from this base portion 
81a. A cap 84 which covers the semiconductor laser 83 and 

25 the header section 82 is attached to the base portion 81a 
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of the stem 81. The semiconductor laser 83 emits a laser 
beam L from a light-emitting end surface 83a that is a 
front end surface of the semiconductor laser 83. The laser 
beam L is constituted of laser light that includes P- 
5 polarized light and S-polarized light. 

[0127] A hologram device 85 is attached to a top plate 

84a of the cap 84 so as to cover a window (not shown) 
formed in the top plate 84a. The hologram device 85 
includes a polarizing diffraction grating 86 in an upper 

10 surface portion thereof. 

[0128] The polarizing diffraction grating 86 is a 

polarizing diffraction grating that has no diffraction 
effect on a prescribed polarization direction light 
included in the emission light emitted from the 

15 semiconductor laser 83. Therefore, the polarizing 

diffraction grating 86 has no lens action on the light in 
the prescribed polarization direction that the emitted 
light (laser beam L) includes. Therefore, the polarizing 
diffraction grating 86 exerts no influence on the optical 

20 action of the light in the prescribed polarization 
direction with respect to the optical system arranged 
closer to the laser beam L than this polarizing diffraction 
grating 86. 

[0129] The optical system is constructed of, for example, 
25 a 3-beam generating diffraction grating 2, a beam splitter 
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3, a photodetector 7, a collimator lens 4, a quarter- 
wavelength plate 16, an object lens 5 and an optical disk 6 
as shown in Fig. 1. Moreover, the optical systera is 
assumed to have the quarter-wavelength plate 16 between the 
Polarizing diffraction grating 86 and the optical disk 6. 
[0130] Therefore, a phase difference of 90° generates 

between the light rays of the laser light perpendicular to 
each other by passing the laser light through the quarter- 
wavelength plate 16 two times, while the laser light 
emitted from the semiconductor laser 83 is returned to the 
Polarizing diffraction grating 86 after reflected on the 
optical disk 6. As a result, for example, if the emitted 
laser light is linearly polarized light, then the reflected 
light returned to the polarizing diffraction grating 86 
becomes circularly polarized light. 

[0131] Moreover, the polarizing diffraction grating 86 

has a concave lens action on the light returned from the 
optical disk 6. For this reason, its composite focus 
Position is located in the curved surface H' as shown in 
Fig. 13, the composite focus position being formed by the 
Polarizing diffraction grating 86 and the optical system on 
the optical disk side. 

[0132] Consequently, as shown in Fig. 13, the polarizing 
diffraction grating 86 diffracts a reflected light L10 to 
guide it to the end surface 82a of the header 82. The 
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reflected l ight L10 derives from the positive first-order 
diffracted light which ls gmer ^ by ^ 

generating diffraction grating 2 in the forward path of the 
laser beam L from the semiconductor laser 83 to the optical 
disk 6, reflected on the optical disk 6 and returned to the 
polarizing diffraction grating 86. 

[0133] Also, as shown in Fig. 13, the polarizing 

diffraction grating 86 diffracts a reflected light L20 and 
mates it incident on a curved surface H* different from the 
light-emitting end surface 83a without making the reflected 
light incident on the light-emitting end surface 83a. The 
reflected light L20 derives from the negative first-order 
diffracted light which is generated by the 3-beam 
generating diffraction grating 2 in the forward path, 
reflected on the optical disk 6 and returned to the 
polarizing diffraction grating 86. 

t0134) Thus , the polarizin9 dlffraction grat . ng ^ 

prevents the reflected lig ht rays L10 and ^ ^ 
returning to the light-emitting end surface 83a of the 

semiconductor laser 83, so l-h*t- t-n^ 

ej, so that the occurrence of the SCOOP 

noise is avoided. 

(01351 An image of the reflected light L10 is formed on 
the curved surface „■ different from a pianar surface H 
including the light-emitting end surface 83a. Therefore 
even if the reflected light uo is made incident J 
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reflected on the end surface 82a of the header 82, this 
reflected light does not form an image in, for example, the 
external photodetector 7 shown in Fig. 1, which eliminates 
occurrence of reduced detection intensity. 
5 [0136] The reflected light L20 does not exert influence 

on only a specified light-receiving unit (not shown) 
located on a base portion 81a in the cap 84 as one example, 
and therefore exerts almost no harmful influence on the 
detection signal, 

10 [0137] As shown in Fig. 13, the polarizing diffraction 

grating 86 doe not make a reflected light LOO form an image 
on the light-emitting end surface 83a, but form the image 
on the curved surface H' behind the semiconductor laser 83. 
The reflected light LOO derives from the zero-order 

15 diffracted light which is generated by the 3-beam 
generating diffraction grating 2 in the forward path of the 
laser beam L from the semiconductor laser 83 to the optical 
disk 6, reflected on the optical disk 6 and returned to the 
polarizing diffraction grating 86. 

20 [0138] The reflected light LOO spreads without focusing 

on the planar surface H including the light-emitting end 
surface 83a by the polarizing diffraction grating 86. This 
restrains occurrence of the SCOOP noise in the 
semiconductor laser 83. 

25 [0139] The polarizing diffraction grating 86 is not 
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constituted of straight lines but of curves in order to 
make the polarizing diffraction grating 86 have a concave 
lens action as described above. The grating curve of the 
polarizing diffraction grating 86 has a large radius of 
5 curvature close to a straight line. This is because it is 
merely required to displace the focus positions of the 
reflected light rays LOO, L10 and L20 by a small distance 
from the planar surface H to the curved surface H 1 . 
[0140] If the polarizing diffraction grating 86 does not 

10 generate zero-order diffracted light, there is no light 
that returns to the end surface 83a of the semiconductor 
laser element 83, and therefore the SCOOP noise can be 
completely avoided. However, to eliminate the generation 
of zero-order diffracted light, it is required to exalt the 

15 polarization selectivity of the polarizing diffraction 
grating 86. That is, it is required to deepen the groove 
depth of the grating, which makes manufacturing of the 
polarizing diffraction grating 86 becomes difficult a 
little. 

20 [0141] The polarizing diffraction grating 86 may have a 
lens characteristic such that the reflected light rays LOO, 
L10 and L20 are transformed into parallel light rays. In 
this case, the reflected light rays LOO, L10 and L20 
scarcely enter into the semiconductor laser 83 since the 

25 reflected light rays LOO, L10 and L20 are parallel and do 
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not form any image on th l ight _ em , tt , . 

S lttln 9 en< 3 surface 83a 

Therefore, the SCOOP noise can be avoided 

<°-> The invention bei n g thus described, ft will bs 

- - -fed m -y wa ys. 
Such variations are not b e raided as a departure from the 
and scope of tne invention, M ^ ^ 

are intended to be fncluded within th= 

wirnin the scope of the 

following claims. 



